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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The scandia partially-stabilized-zirconia high intensity solid electrolyte ingredient which uses as a principal 
component the powder which made 3-6-mol % of scandia dissolve to a zirconia, and is characterized by coming to 
calcinate by whenever [ low-temperature ]. 

[Claim 2] It is the scandia partially-stabilized-zirconia high intensity solid electrolyte ingredient according to claim 1 
characterized by coming to prepare said powder by the sol gel process or the coprecipitation method. 
[Claim 3] The scandia partially-stabilized-zirconia high intensity solid electrolyte ingredient according to claim 1 or 2 
characterized by said powder coming to mix the alumina or mullite of a minute amount. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.^^ 8/30/2005 



Page 1 of 1 




http://www4.ipdl.ncipi.go.jp/NSAPITMP2/web340/IMAGE/2005083 1 05050 1 1 06097.gif 



8/30/2005 



JP,07-069721,A [DETAILED DESCRIPTION] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 



Page 1 of 5 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a high intensity soUd electrolyte ingredient suitable as a solid 

electrolyte ingredient used for a solid oxide fuel cell (SOFC). 

[0002] 

[Description of the Prior Art] In recent years, in various technical fields and an application, research and development 
in the so-called solid electrolyte ingredient is done. As a technical field which uses a solid electrolyte ingredient, 
compared with other fuel cells, such as a phosphoric-acid mold, a melting carbonate mold, etc. which have been 
developed conventionally, generating efficiency of a solid oxide fuel cell (SOFC) is good, since exhaust heat 
temperature is also high, I hear that it can build the generation-of-electrical-energy system in which efficient use is 
possible, and it is capturing the spotlight especially in recent years. 

[0003] By the way, although not illustrated as a gestalt of this solid oxide fuel cell (SOFC) with the thing of the 
monotonous mold generally shown in drawing 3 , it is roughly classified into a cylindrical thing. Moreover, also in the 
thing of the monotonous mold shown in this drawing 3 , the thing of the extemal manifold type shown in drawing 4 R> 
4 (a) and the thing of the internal manifold type shown in drawing 4 R> 4 (b) are mentioned as a typical thing. 
[0004] If the structure of a soUd oxide fuel cell (SOFC) shown in drawing 3 and drawing 4 (a), and (b) is explained 
briefly, the solid electrolyte plate 30 will be inserted between oxygen pole 20b to which air touches fuel electrode 20a 
which fuel gas touches, and it will come to prepare many single eels 50 of the structure which formed Separators 40a 
and 40b in the outside of fuel electrode 20a, and the outside of oxygen pole 20b, respectively in the shape of a 
laminating over a layer. 

[0005] And in the sohd oxide fuel cell (SOFC) constituted in this way, fuel gas (hydrogen, carbon monoxide, etc.) 
contacts a fuel electrode, and oxidation gas (air or oxygen) contacts an oxygen pole. And the oxygen ion (02-) 
generated on the oxygen pole moves an electrolyte, a fuel electrode is reached, and in a fuel electrode, 02- reacts with 
hydrogen (H2), and emits an electron. The potential difference occurs between an oxygen pole and a fuel electrode by 
this, and electric flow arises. 

[0006] In this solid oxide fuel cell (SOFC), the electrical characteristics of a solid electrolyte ingredient, especially 
conductivity influence the engine performance of a cell greatly. Fully stabilized zirconia has been conventionally used 
for this soUd electrolyte ingredient. A zirconia (Zr02) makes oxides, such as calcium (calcium) and an yttrium (Y), 
dissolve as a means which prevents this volume change since volxmie change arises firom a monoclinic system in 
connection with the crystal structure changing to ****** in high temperature (near about 1 150 degree C), and this fully 
stabilized zirconia attains stabilization of the crystal structure. 

[0007] And in recent years, the scandia fully stabilized zirconia ("ScSZ" is called below Sc203 Stabilized Zr02:) 
which made the oxide of a scandium dissolve instead of calcium or an yttrium has come to attract attention fi*om the 
descriptions, such as height of the conductivity, the zirconia (Zr02) this ScSZ solid electrolyte ingredient of whose is a 
charge of a principal member - scandia (Sc 203) - 8-15-mol % - dissolving usually came out. If 8-15-mol % of 
scandia is made to dissolve to a zirconia, mostly, all serve as a cubic and the crystal structure will be in the condition of 
having stabilized completely. This ScSZ solid electrolyte ingredient is about 0.38 S/cm, although based also on the 
manufacture approach. Conductivity of the highest level can be attained as a solid electrolyte ingredient to say. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the case of the cubic ScSZ solid electrolyte ingredient in the 
above-mentioned conventional technique, it had the following troubles. First, the cubic ScSZ ingredient had the low 
mechanical strength, and in order to compensate this, when using it for a solid oxide fuel cell (SOFC), it needed to 
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make thickness of an electrolyte plate about 0.2-0.3mm or more than it. Especially, in the so-called self-supported film 
monotonous type of SOFC, since the solid electrolyte plate itself was asked for the reinforcement which bears a 
pressure, a thermal strain, etc. of gas, when the solid electrolyte plate was made thin by force, the difficulty arose in 
endurance over a long period of time that it is easy to destroy by fatigue etc. 

[0009] On the other hand, since the total electric resistance between two electrodes became that much large when the 
electrolyte plate was thick, the high conductivity of ScSZ ingredient original could not be utiUzed effectively, and the 
generation-of-electrical-energy engine performance of SOFC was not able to be improved as a result. Moreover, since a 
lot of scandias of 8-15-mol % were made to dissolve and the scandium (Sc) was an expensive rank, it had also been 
raising ingredient cost. 

[0010] The place which it is made in order that this invention may solve such a trouble, and is made into the purpose is 
to realize coexistence with the generation-of-electrical-energy engine performance and lasting use, and control the rise 
of ingredient cost, when it is used for the solid electrolyte plate of a solid oxide fuel cell (SOFC) by offering the solid 
electrolyte ingredient excellent in the balance of conductivity and a mechanical strength. 
[0011] 

[Means for Solving the Problem] In order to attain such a purpose, under [ it is ****** about the scandia partially 
stabilized zirconia which this invention persons use as a principal component the powder which made 3-6 mol % of 
scandia dissolve to a zirconia as a result of repeating experiment research about the ScSZ solid electrolyte ingredient by 
various presentations, and it comes to calcinate by whenever / low-temperature / suiting said purpose as a high intensity 
solid electrolyte ingredient ]. 

[0012] The monoclinic system of a zirconia deposits that the rate of a compounding ratio of scandia is less than [ 3 mol 
% ]. A monoclinic system zirconia has remarkably low conductivity, and since it becomes the failure of ionic 
conduction and the total electric resistance of a solid electrolyte plate is increased, it is not desirable. Moreover, the 
existence is not desirable at the point that a monoclinic system zirconia is the main factor of the volume change 
accompanying the crystal phase transformation (it happens near about 1 150 degree C) by the temperature change. On 
the other hand, if the rate of a compounding ratio of scandia exceeds six-mol %, the rate of a volume ratio of a cubic 
zirconia increases, and while the above mentioned problem of a mechanical strength occurs, ingredient cost will go up. 
[0013] If the rate of a compounding ratio of scandia is in 3-6-mol within the limits which is %, as for the crystal 
structure of a zirconia, the whole quantity serves as ****** mostly. Although the zirconia (scandia partially stabilized 
zirconia: call "ScPSZ" below Sc203 Partially-Stabilized Zr02:) of this ****** is a httle inferior with conductivity as 
compared with a cubic zirconia, since it excels in the mechanical strength with about 5 times, it is suitable for the solid 
electrolyte plate of a soUd oxide fuel cell (SOFC) with which coexistence with conductivity and reinforcement is 
demanded. 

[0014] As for said powder, in here, it is desirable to be prepared by the sol gel process or the coprecipitation method at 
the point which enables uniform dissolution of scandia, and good baking of whenever [ low-temperature ]. Moreover, 
when the alumina or muUite of a minute amount is mixed by said powder, baking of whenever [ low-temperature ] can 
be made much more good. 
[0015] 

[Example] The example of this invention is explained below at a detail. Suppose that it explains supposing the scandia 
partially-stabilized-zirconia (ScPSZ) high intensity solid electrolyte ingredient with which a solid oxide fuel cell 
(SOFC) is presented in the example described below. The production process of the ScPSZ powder which is raw 
material powder of a ScPSZ high intensity solid electrolyte ingredient is shown in drawing 1 . Drawing 1 (a) is a 
production process by the sol gel process, and drawing 1 (b) shows the production process by the coprecipitation 
method mentioned later. The production process by the sol gel process of drawing 1 (a) and the ScPSZ powder 
obtained by that cause, and a ScPSZ solid electrolyte are explained to the beginning as the 1st example. 
[0016] According to the sol gel process, the scandium powder 1 and the zirconium powder 2 which are a raw material 
first are prepared. And it dissolves a scandium blending these powder by 3-6-mol% of suitable ratio within the limits, 
and heating it in a nitric acid and water, and makes with a mixed solution 3. The mixed solution 3 at this time is a 
scandium and the mixed solution of the nitrate of a zirconium. 

[0017] Next, the solation object 4 is added to this mixed solution 3. It is formic acid and the polyethylene glycol 
(henceforth "PEG") which are added as a solation object 4 here. About formic acid, 200ml / about 1kg of an addition 
are [ PEG / about 2 times of said nitric acid, and ] good at mol % to the whole mixed solution. Thereby, the mixed sol 6 
of scandia and a zirconia is obtained. 

[0018] Subsequently, heating hardening by drying of this mixed sol 6 is carried out, and it considers as the mixed gel 8. 
Whenever [ stoving temperature ] is about 120 degrees C, and if it will harden by drying for one day, about iOOg mixed 
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gel 8 will be obtained. And if heat-treatment is carried out for this mixed gel 8 at 700-800 degrees C for about 12 hours, 
the ScPSZ powder 10 can be obtained. Scandia and a zirconia are mixed with sufficient homogeneity on atomic level, 
and serve as single phase of ******, and the ScPSZ powder 10 obtained in this way does not contain other phases or 
unreacted scandia phases, such as a cubic and a monoclinic system. 

[0019] Next, the process which manufactures a tabular ScPSZ solid electrolyte ingredient from the ScPSZ powder 10 
which has the starting good crystallinity is explained. First, since the ScPSZ powder 10 obtained at the above- 
mentioned process has the particle diameter of about 20-30 micrometers, after it grinds it and it carries out the particle 
size regulation of the particle diameter to about 2-3 micrometers, shaping explained below and baking are presented 
with it. 

[0020] The process is shown in drawing 2 . According to it, ScPSZ powder [ finishing / a particle size regulation ] is 
first fabricated to the plate (about 20cm comer guard) of 100-300 micrometers of board thickness. As this shaping 
means, a hydrostatic-pressure press machine (CIP) is used in this example of an experiment, and it is 1 t/cm2. Pressing 
is carried out by thrust. However, it is not restricted to this shaping means and sheet metal may be manufactured by the 
doctor blade method and the calendering roll method which are generally used conventionally. In addition, the alumina 
or muUite of a minute amount may be mixed and fabricated to ScPSZ powder at this time. And this shaping plate is 
calcinated at the temperature of 1500-1700 degrees C after an appropriate time. The solid electrolyte plate which 
consists of a ScPSZ ingredient of ****** with which scandia (Sc 203) dissolved in the zirconia (Zr02) by this is 
obtained. 

[0021] Here, in this example, since it is calcinating from good ScPSZ powder the presentation homogeneous prepared 
with the sol gel process, and crystalline, a powdered degree of sintering is good and can obtain the ScPSZ solid 
electrolyte plate which is a sintered compact in a comparatively low burning temperature of 1700 degrees C or less. 
Moreover, firing time is also shortened from the conventional thing. When the alumina or muUite of a minute amount is 
mixed, in order that these may act as sintering acid, a degree of sintering becomes still better. By these things, it 
consists of little precise organization of an opening, and the sintered compact excellent also in the mechanical strength 
can be obtained. 

[0022] The conductivity (S/cm) of the ScPSZ solid electrolyte plate obtained in this way was measured, and it 
compared with the conductivity of the solid electrolyte plate obtained from the ScPSZ powder by the conventional 
physical alligation. The result is shown in Table 1. the conductivity of the ScPSZ plate which is applied to this 
invention obtained by the sol gel process according to Table 1 — 0.13 S/cm it is — conductivity 0.08 S/cm of the 
conventional ScPSZ plate It compares and has become a value with a little more than 50 good percent. 
[0023] 

Table 1] 





mn^ ( s / o m ) 


\/ ;v y ;i/ ^ ti J: s o P S 2 tg (4^ ^ BJi ) 


0.13 


mm^^-^^miz^ ^ ^ s c PS zmiit^m) 


0.0 8 



[0024] Moreover, the flexural strength (MPa) of this ScPSZ solid electrolyte plate was measured, and it compared with 
the flexural strength of the ScSZ solid electrolyte plate which consists of cubic single phase. The result is shown in 
Table 2. According to Table 2, the flexural strength of the ScPSZ plate concerning this invention is about 1300 MPa(s), 
and shows one about 5 times the value of this as compared with flexural strength 275MPa of a ScSZ plate. 
[0025] 
Table 2] 





m\f^m (MPa) 


ScPSZ 


13 0 0 


B c s z miltnm) 


2 7 5 



[0026] Thus, the ScPSZ solid electrolyte ingredient of this example serves as a precise sintered compact which mixing 
with a scandium and a zirconium is uniform on atomic level, it excels in a degree of sintering, and there is no residual 
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of an unreacted scandia phase, therefore a crystal phase excels [ sintered compact ] in the stability in single phase, has 
high conductivity and a high mechanical strength, and does not almost have mixing of an impurity. 
[0027] From this, when using the ScPSZ ingredient of this example as a solid electrolyte plate of a solid oxide fuel cell 
(SOFC), if there is thickness of about 0.04-0,06mm, it has the mechanical strength which is equal to use enough. 
Therefore, the electric resistance in the whole board thickness is low, and less than the electric resistance of the ScSZ 
solid electrolyte plate of 0.2-0.3mm thickness. 

[0028] And what is necessary is just to form a fuel electrode and an oxygen pole in those both sides, in using this 
ScPSZ solid electrolyte plate as a solid electrolyte plate of SOFC. What is necessary is to make the ceramic powder of 
these pole ingredients into the shape of mud, to apply it to one side of this ScPSZ system solid electrolyte plate, and the 
field of the opposite side, respectively, and just to calcinate it at predetermined temperature after an appropriate time 
with the so-called slurry coating method, in formation of these electrodes, for example. 

[0029] In the case of a fuel electrode, one side of this ScPSZ system solid electrolyte plate is coated with nickel- 
zirconia cermet ingredient of 60 % of the weight of (Nickel nickel) 40-% of the weight-zirconias (Zr02) by the 
thickness of about 50 micrometers, and it is calcinated at the temperature of 1400-1500 degrees C. A thin film-like fuel 
electrode will be formed in one side of a ScPSZ system soUd electrolyte plate by this. 

[0030] Moreover, in the case of an oxygen pole, with the above-mentioned fuel electrode of a solid electrolyte plate, 
the field of the opposite side is coated for example, with a lanthanum strontium comics NEITO (La (Sr) Mn03) 
ingredient by the thickness of about 50 micrometers, and it is calcinated at the temperature around 1 150 degrees C. 
Similarly a thin film-like oxygen pole will be formed in the field of the opposite side of a ScPSZ system solid 
electrolyte plate by this. In addition, it is appropriate to consider as about strontium 5-15 mol % to 95-85 mol % of 
lanthanum comics NEITO as a rate of a compoimding ratio of the ingredient of an oxygen pole. In this solid oxide fuel 
cell (SOFC), since the ScPSZ high intensity solid electrolyte ingredient concerning this invention is used, it can excel 
in the generation-of-electrical-energy engine performance as SOFC, and can be enough come also out of the 
reinforcement of a sohd electrolyte plate, and lasting use can be aimed at. 

[0031] Next, the 2nd example of this invention is explained. The 2nd example takes a coprecipitation method instead of 
the aforementioned sol gel process as a production process of ScPSZ powder, and is the same as said 1st example 
except it. The production process of the ScPSZ powder by the coprecipitation method is shown in drawing 1 (b). Even 
when based on a coprecipitation method, it is the same as that of the case of the aforementioned sol gel process until 
prepare the scandium powder 1 and the zirconium powder 2 first, it blends these by the suitable ratio, it carries out the 
heating dissolution at a nitric acid and water and it makes with a mixed solution 3. 

[0032] And in a coprecipitation method, a precipitation reagent 5 is added to this mixed solution 3. It is aqueous 
ammonia which is added as a precipitation reagent 5. Since a mixed solution 3 is acidity, it will be neutralized by 
alkaline aqueous ammonia. And at this time, the scandium ion and zirconium ion of a mixed solution 3, and the 
hydroxide ion contained in aqueous ammonia join together, and it deposits as low precipitation 7 of solubility . This 
precipitation 7 is the mixture of a hydroxylation scandiimi (Sc3 (OH)) and zirconium hydroxide (Zr4 (OH)), and is 
considered that a hydroxylation scandium and zirconium hydroxide are mixed, there are on atomic level, and it has 
become amorphous substance-like. Moreover, a urea may be used as a precipitation reagent 5. In this case, a urea is 
mixed, and since a urea decomposes into ammonia by heating at 70-80 degrees C, the same effectiveness as mixing 
ammonia to homogeneity is acquired. 

[0033] And these precipitation 7 is collected and washing and desiccation are performed. The pure water of pH7 is used 
for washing here. It is for preventing mixing of an impurity. Moreover, if acid water v^th low pH is used, precipitation 
7 will dissolve again. If pure water often washes precipitation 7, it will dry and the desiccation powder 9 will be 
obtained. The desiccation powder 9 is the mixed powder of a hydroxylation scandixmi and zirconium hydroxide. 
[0034] Next, heat-treatment at the 700-800 degrees C same into this desiccation powder 9 as the case of a sol gel 
process is performed Tor about 12 hours. Since the desiccation powder 9 which consists of a hydroxide pyrolyzes by 
this, it is divided into moisture and oxide and moisture evaporates and escapes, what it remains in after all is, the 
powder 11, i.e., the ScPSZ powder, of the multiple oxide of a scandium and a zirconium. Like [ this ScPSZ powder 
11] the ScPSZ powder 10, scandia and a zirconia are mixed with sufficient homogeneity on atomic level, and serve as 
single phase of ******. 

[0035] Moreover, as well as what is depended on a sol gel process in case the ScPSZ powder 1 1 is fabricated and it 
calcinates, a degree of sintering is good and can obtain a good sintered compact by the comparatively low buming 
temperature of 1700 degrees C or less, and short sintering time amount. Also in this case, like said 1st example, the 
alumina or mullite of a minute amount can be mixed and a degree of sintering can be raised further. And it was checked 
that the conductivity which was excellent like [ the ScPSZ solid electrolyte plate obtained ] said 1st example is shown, 

http ://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejj e 8/3 0/2005 



JP,07-069721,A [DETAILED DESCRIPTION] 



Page 5 of 5 



and the mechanical strength which was excellent with little precise organization of an opening is shown. If it follows, 
for example, is used for a soUd oxide fuel cell (SOFC), it demonstrates, and the outstanding generation-of-electrical- 
energy engine performance can be used, being stabilized. 

[0036] As explained above, the ScPSZ powder excellent in crystallinity, homogeneity, compactness, etc. can be 
obtained by any approach of a sol gel process and a coprecipitation method, and a ScPSZ high intensity sohd 
electrolyte ingredient can be obtained by fabricating and calcinating this. Since the rate of a scandia compounding ratio 
does not need to use an expensive scandium so much from required board thickness being also thin and ending few 
rather than the case of a cubic ScPZ ingredient with this ScPSZ high intensity soHd electrolyte ingredient, ingredient 
cost is cheap. 

[0037] Moreover, although [ said each example ] each manufactures a scandium and a zirconium from the mixed 
solution of the nitrate which dissolved in the nitric acid, it is good also as using start raw materials other than a nitrate, 
as a start raw material usable here — a sulfate ~ or a halogenide etc. can be considered. Moreover, the application is not 
limited to a solid oxide fuel cell, either. 
[0038] 

[Effect of the Invention] As explained above, with the ScPSZ high intensity solid electrolj^e ingredient by this 
invention, the following effectiveness is expectable. That is, since it consists of the single phase of** ******^ ^q^j^ 
conductivity and a mechanical strength are excellent. 

** Excel in the degree of sintering by fabricating and calcinating from good ScPSZ powder homogeneous [ which was 
acquired by the sol gel process or the coprecipitation method ], and crystalline. If the alumina or muUite of a minute 
amount is mixed, a degree of sintering is still better. 

** Since the mechanical strength is high, it can be used for the solid electrolyte plate of a sohd oxide fuel cell (SOFC) 
by thin board thickness, and excel also in endurance over a long period of time. 

** For this reason, the electric resistance of the whole solid electrolyte plate is small, and the generation-of-electrical- 
energy engine performance as SOFC is high. 

** ** ~ since there is little amount of the scandium used, ingredient cost is cheap. 

Therefore, applying the ScPSZ high intensity solid electrolyte ingredient of this invention to a solid oxide fuel cell is 
stabilized for a long period of time, good generating efficiency is acquired, and the benefit on industry is very high. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Industrial Application] This invention relates to a high intensity solid electrolyte ingredient suitable as a solid 
electrol)4e ingredient used for a solid oxide fuel cell (SOFC). 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) shows the production process by the sol gel process of the ScPSZ powder which is the raw material of 
the ScPSZ high intensity solid electrolyte ingredient conceming this invention, and, similarly (b) shows the production 
process by the coprecipitation method. 

[Drawing 2] It is a production process Fig. in the case of manufacturing the ScPSZ high intensity solid electrolyte 
ingredient conceming this invention as a solid electrolyte plate in a solid oxide fuel cell. 

[Drawing 3] It is drawing having shown an example of the single cellular structure of the solid oxide fuel cell (SOFC) 
of the monotonous mold generally known conventionally. 

[Drawing 4] The extemal manifold type thing in the monotonous mold fuel cell which showed (a) to drawing 3 , and 
(b) are drawings having shown the outline configuration of an intemal manifold type thing similarly. 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 3 ] 
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